We describe the selection of an X-ray flux-limited sample of bright clusters of galaxies in the southern hemisphere, based on the first analysis of the ROSAT All-Sky Survey data (RASS1). The sample is constructed starting from an identification of candidate clusters in RASS1, and their X-ray fluxes are remeasured using the Steepness Ratio Technique. This method is better suited than the RASS1 standard algorithm for measuring flux from extended sources. The final sample is count-rate-limited in the ROSAT hard band (0.5-2.0 keV), so that due to the distribution of N H , its effective flux limit varies between ∼ 3. and 4. × 10 −12 erg cm −2 s −1 over the selected area. This covers the δ < 2.5 o part of the south Galactic cap region (b II < −20 o ) -with the exclusion of patches of low RASS1 exposure time and of the Magellanic Clouds area -for a total of 8235 deg 2 . 130 candidate sources fulfill our selection criteria for bonafide clusters of galaxies in this area. 101 of these are Abell/ACO clusters, while 29 do not have a counterpart in these catalogs. 126 (97%) clusters have a redshift and for these we compute an X-ray luminosity. 20% of the cluster redshifts come from new observations, as part of the ESO Key Program REFLEX Cluster Survey that is under completion. Considering the intrinsic biases and incompletenesses introduced by the flux selection and source identification processes, we estimate the overall completeness to be better than 90%. The observed number count distribution, LogN-LogS, is well fitted by a power law with slope α = 1.34 ± 0.15 and normalization A = 11.87 ± 1.04 sr −1 (10 −11 erg cm −2 s −1 ) α , in good agreement with other measurements.
INTRODUCTION
Clusters of galaxies are astrophysical objects carrying fundamental information about the characteristics of the Universe. They are the largest gravitationally bound units, and the time scales involved in their dynamical evolution are comparable to the age of the Universe. Hence clusters are cosmologically young structures, in which evidence of the initial conditions has not yet been totally removed by dissipative effects. On the other hand their dynamical state is approaching a characteristic equilibrium configuration that allows a coherent modeling (e.g. King 1966 ). Because of these particular properties, the characteristics of the population of galaxy clusters are strongly related to the cosmological parameters. Both theory and simulations have shown that cluster morphologies, comoving densities, and clustering properties provide information on the density parameter, Ω 0 , and on the shape and normalization of the primordial power spectrum (e.g., Frenk et al. 1990; Bahcall & Cen 1993; White et al. 1993; Kitayama & Suto 1997; Evrard 1997) .
To be able to measure such ensemble-averaged quantities, one needs to select large, statistically complete samples, which have to be representative of clusters of galaxies as a class. In parallel with deep cluster surveys (e.g. Rosati et al. 1997; Collins et al. 1997; Jones et al. 1998) , it is particularly important to accurately define the properties of the cluster population at low redshifts, to provide the reference frame for quantifying cluster evolution. For example, an accurate estimate of the luminosity function, which is an essential part of this statistical analysis, requires the detection of clusters over a fairly large volume of space to reach an accurate evaluation of the bright end of the distribution. On the other hand, a sample of clusters of galaxies covering a large volume of the local Universe, would allow the study of clustering over scales >> 100 h −1 Mpc, i.e. around the turnover of the power spectrum. On these scales, these measures would overlap the most recent and future microwave background anisotropy experiments (e.g. Gawiser & Silk 1998) , thus providing a direct comparison of the clustering in the light and in the mass.
In recent years it has become ever more evident that the selection of large samples of clusters is best done in the soft X-ray band (i.e. energies in the range from ∼ 1 to 10 keV), where clusters are prominent among the various classes of extragalactic objects by virtue of their extremely high Xray luminosities, ∼ 10 43 − 6 × 10 45 erg s −1 (e.g. Böhringer 1995) . The X-ray emission originates in the thin hot gas, contained by the deep cluster potential well, in a state approaching the hydrostatic equilibrium (e.g. Sarazin 1988 ). The predominant emission mechanism at these high energies in clusters is thermal bremsstrahlung, and as the hot gas is distributed throughout the potential well, clusters of galaxies observed in the X-ray band appear, unlike at optical wavelengths, as single diffuse entities. Moreover, as the X-ray intensity scales quadratically with the gas density, whereas the integrated optical luminosity is only linearly correlated with the galaxy density, observations in the X-ray band are less subject to the projection effect problems which affect optically selected catalogs of galaxy clusters.
A unique opportunity to construct large cluster samples selected in the X-ray band has been provided by the ROSAT mission (Trümper 1993 ). This satellite conducted, in the second half of 1990, an all-sky survey in soft X-rays (0.1-2.4 keV) with the Position Sensitive Proportional Counter (PSPC; Briel & Pfeffermann 1986) as focal plane detector. Due to the improved spatial resolution, the higher sensitivity, and the smaller intrinsic background with respect to previous X-ray satellites, ROSAT data are especially attractive for the study of clusters of galaxies. Furthermore, the ROSAT All-Sky Survey (RASS) is the first conducted with an imaging X-ray telescope and is uniquely suited to obtaining complete X-ray cluster samples over large areas of the sky. Several approaches to the problem of selecting statistical samples of galaxy clusters from the RASS1 database have been described (e.g. Burg et al. 1992; Briel & Henry 1993; Romer et al. 1994; Ebeling et al. 1996 Ebeling et al. , 1997 .
In 1992 an ESO Key Program (hereafter ESOKP; Böhringer 1994; Guzzo et al. 1995) was started with the aim of constructing in the southern sky the largest flux limited sample of clusters of galaxies using the RASS. Due to the huge number of X-ray sources detected, more than 50000 objects, it was not feasible to start an observing campaign with the aim of optically identifying all the RASS sources in the southern hemisphere. However, it is generally assumed that mass fluctuations on scales of a few to tens of Megaparsecs lead to the formation of clusters of galaxies visible optically and in the X-ray band. Therefore the approach followed by the ESOKP collaboration is to search for correlations between X-ray sources with regions of galaxy overdensity. The resulting list is then correlated with catalogs such as the NASA Extragalactic Data Base (NED) and SIMBAD, in order to remove chance correlations with stars and AGNs. The final step is to observe the refined list spectroscopically, in order to derive the cluster redshift, if not already known, and to remove some remaining sources which are not clusters.
As discussed in De Grandi et al. (1997, Paper I hereafter) , however, the standard analysis (see § 2.1) performed on the RASS data is not fully appropriate for characterizing extended sources. In particular, fluxes are systematically underestimated. These limitations have prompted the development of alternative techniques such as the Steepness Ratio Technique (SRT), discussed in Paper I, and the Voronoi Tesselation and Percolation analysis . Here, we present the application of the SRT to an initial set of candidate clusters from the ESOKP, that leads to the construction of a complete flux limited sample of bright clusters of galaxies. The sample is limited to the southern Galactic cap region (b II < −20 o , δ < 2.5 o ), and its X-ray and optical completeness are investigated in detail. In addition, we shall also compute and discuss the LogN-LogS distribution.
A preliminary version of the sample presented here, was previously used to obtain an estimate of the cluster X-ray luminosity function (XLF, De Grandi 1996b ). An updated estimate of the XLF from the present catalog is the subject of a parallel paper (De Grandi et al. 1999) . These results will be extended by the future developments of the ongoing ESOKP collaboration (now known as the REFLEX Cluster Survey, see Böhringer et al. 1998 ).
The paper is organized as follows. In § 2 we describe briefly the RASS1 data used to derive the X-ray source properties and the various algorithms applied to these data. In § 3 we describe the initial procedures used by the ESOKP collaboration to define a sample of clusters in the southern hemisphere using the RASS1 data, which we call here the RASS1 Candidate Sample. The procedure for the selection and definition of the sample of bright clusters, which we shall call the RASS1 Bright Sample, is presented and discussed in detail in § 4. In § 5 we compute the number counts, or LogN-LogS distribution, of this sample, and compare it with previous results. In § 6 we investigate the potential biases that could affect the RASS1 Bright Sample. In § 7 we summarize our main results and conclusions.
ANALYSIS OF ROSAT ALL-SKY SURVEY SOURCES

SASS1 analysis of strip data
The first analysis of the ROSAT All-Sky Survey sorted the data into 90 great-circle strips on the sky, each 2 o wide and passing through the ecliptic poles. These strips were processed one by one by using the Standard Analysis Software System (SASS1; e.g., Voges 1992) developed at MPE (Germany). The detection process used photons in the broad PSPC energy band 0.1-2.4 keV. Each data strip was analyzed using a combination of source detection algorithms, including two sliding window techniques (the first using a local background determination, the latter a global background map) and a Maximum Likelihood (ML) method (Cruddace et al. 1988) . SASS1 produced an all-sky source catalog of ∼ 50.000 objects (with existence likelihood larger than 10) containing information about source properties, such as detection significance, count rate, position, hardness ratio and extent. As explained in § 3 the first candidate sample for the ESOKP, on which the present work is based, was selected from this catalog.
Analysis of merged data
As mentioned in the introduction, our first goal was to re-estimate using the SRT approach the X-ray fluxes for all candidate clusters, selected from the SASS1 source list. After the end of the survey, it was possible to obtain from the ROSAT team 2 o ×2 o sky fields, centered on the SASS1 ML positions, containing the photons accumulated from all the overlapping strips, known as merged data. We col-lected the merged data fields for all our cluster candidates and first analyzed them using the standard detection procedure, as implemented in the EXSAS package (Zimmermann et al. 1997) . The first aim of this was to re-estimate the source positions with the ML algorithm with improved accuracy. The standard analysis on the merged data was performed in the three ROSAT PSPC energy bands: the broad band (0.1-2.4 keV), the soft band (0.1-0.4 keV) and the hard band (0.5-2.0 keV). A detailed description of this analysis can be found in Paper I.
We proceeded then by applying the SRT to the merged data using the new ML position. We recall here that SRT uses the convolution between the real RASS point-spread function (G. Hasinger 1995, private communication) and a β-model of the cluster emission profile (with parameter β fixed to 2/3),Ĩ(r), to derive for each cluster the core radius and the total count rate. We compute for each source the observed steepness ratio, SR obs , that is the ratio between the source counts within an annulus bounded by the two radii of 3 and 5 arcmin and those within a 3 arcmin radius circle. The source core radius is derived by comparing SR obs with the theoretical SR =
, as a function of the core radius ( Figure 5 in Paper I). The total source counts are computed by correcting the measured counts within 5 arcmin radius, by the fraction falling outside this aperture, by means of an SR obs dependent correction factor F , shown in Figure 8 of Paper I. SRT also evaluates the probability for each source to be pointlike, which is computed without using a specific model for the source emission profile. The SRT analysis was performed in all three ROSAT PSPC energy bands.
THE RASS1 CANDIDATE SAMPLE
As soon as the ROSAT All-Sky Survey went through its first processing (SASS1), an automatic identification program for galaxy clusters in the Southern sky was setup as a collaboration between MPE and ROE/NRL. The broad aim of this work was to identify all SASS1 X-ray sources that could possibly be associated with a cluster of galaxies, known or unknown from available optical cluster catalogs. Given the detection limit of the RASS, the redshift distribution of the identified clusters was expected to peak between 0.1 and 0.2 in redshift, so that the bulk of the rich cluster population was clearly detectable on the ESO/SRC survey plates.
The main identification method was therefore to look for overdensities of galaxies in the ROE/NRL object catalog, produced by digitizing the IIIa-J plates with the COSMOS machine in Edinburgh (Yentis et al. 1992) , around each SASS1 source above a given SASS1 count rate (see below). An excess probability could thus be defined by comparison with counts at random positions and well characterized thresholds in completeness and contamination could be defined. Relatively low search thresholds in contamination were used to avoid discarding genuine X-ray clusters, leading to the inclusion in the candidate list also of spurious objects that had to be removed in a later step of the work. As a further complement to this, the SASS1 source list was also correlated with the Abell/ACO catalog of clusters of galaxies ) and with a catalog of automatic clusters independently constructed from the COSMOS galaxy database.
The third method was to include also all the sources flagged by SASS1 as having an extent radius > 25 arcsec and an extent likelihood > 7. This is the only method which is based on the X-ray properties alone. Its main drawback is that of not being particularly robust, so that some truly extended sources are not recognized as such. In addition, the RASS data are not optimal in general for recognizing extended sources, due to the low photon statistics that couples with the limited resolution of the RASS. Despite its limitations, however, this technique complements the optically-based methods, and ( §6.2), provides a useful way to roughly estimate the completeness of the identification process. Finally, the three cluster candidate lists were merged and multiple X-ray detections of the same object were removed, for a total of ∼ 1000 objects. In this paper we consider only southern sky candidates at high Galactic latitudes, δ < 2.5 o and b II < −20 o , leading to a sample of 679. This list will be referred to as the RASS1 Candidate Sample.
As mentioned above, prior to the identification procedure, the initial sample of sources from RASS1 was thresholded to a count rate limit of 0.055 cts/s. Due to a problem in the early processing of the data, however, the count rate in a few strips had a systematic shift, so that in the end they were thresholded to a higher limit, 0.08 cts/s. This problem, discovered later in the course of our analysis, affected 17% of the total sample. We shall show in the following how this residual incompleteness has been taken into account.
SELECTION OF THE RASS1 BRIGHT SAMPLE
In this section we describe how we proceeded in order to select a flux limited sample of clusters of galaxies from the RASS1 Candidate Sample. To this end we must first consider the possible sources of incompleteness that could affect the sample.
Exposure Times and Sky Area Selections
A first source of incompleteness derives from the differences in exposure times over the different strips, which in the southern sky may vary between 0 and ∼ 800 seconds, with a peak at ∼ 400 seconds. In Figure 1 we plot the SASS1 broad band count rates versus the SASS1 exposure times for the RASS1 Candidate Sample. We separate the pointlike sources (asterisks) from the extended ones (open circles) by using the SRT probability of extension: we define as extended any source with a probability of being pointlike < 1%. The solid and dotted lines drawn in Figure 1 , correspond to the count rate limits of 0.055 cts/s and 0.08 cts/s discussed at the end of § 3, respectively. Note how for both count rate limits, SASS1 starts to fail in detecting sources when the exposure time becomes smaller than ∼ 100 − 120 s. Therefore, we consider only regions with exposures larger than 150 seconds, in order to avoid regions of the sky where objects could have been missed because of the low sensitivity of the survey.
To avoid incompleteness problems related to the difficulty in identifying clusters inside optically crowded fields, we also excluded the sky areas of the Galactic plane and the Magellanic Clouds. The Galactic plane region was in fact already excluded in the early selection of the RASS1 Candidate Sample to avoid regions of high N H values, by selecting only sources with b II < −20 o . To establish the size of the area to be excluded in the case of the Magellanic Clouds, we considered both the optical and the X-ray Cloud emission (e.g. Snowden & Petre 1994 Figure 2 . This is about a fifth of the whole sky, or a third of the sky available at |b II | > 20
o . The number of cluster candidates in this area is 540.
Count Rate Selection
In § 3 we discussed how the RASS1 Candidate Sample was selected, starting from the list of X-ray sources detected in the survey by SASS1. However this initial selection procedure was lacking in two respects. First, a flux threshold should be set using count rates in the ROSAT hard band (0.5-2.0 keV), which is best suited for the analysis of hard sources such as clusters, whereas initially thresholds were set using SASS1 count rates in the broad band (0.1-2.4 keV). Second, the SASS1 algorithm, designed for speed, was rather imprecise in estimating the flux and angular extent of clusters (Paper I; Ebeling et al. 1996) , a problem the SRT algorithm was designed to correct. In this section we select bright clusters from the RASS1 Candidates Sample by means of a cut in SRT count rate computed in the hard band. We show that a limiting SRT count rate of 0.25 cts/s leads to a sample characterized by a high degree of completeness.
Study of a Control Sample
In order to understand the effects of changing the energy band and introducing a further count rate selection using SRT results we investigate the behavior of a control sample of sources, obtained from the Einstein Extended Medium Sensitivity Survey (EMSS; Gioia et al. 1990; Maccacaro et al. 1994 ) and reobserved in the RASS. No cut in SASS1 count rates has been applied to this dataset. Out of the 835 EMSS objects we selected two samples, the first comprising pointlike sources, i.e. objects classified as AGNs, BL Lac and stars (Maccacaro et al. 1994) , and the second potentially extended sources, i.e. objects classified as galaxies or clusters of galaxies. For both samples we include only objects detected in the RASS1 merged data by the ML algorithm (see § 2.2) in the broad band, with an ML existence likelihood larger than 12. These selections lead to well defined EMSS control samples of 108 pointlike and 50 potentially extended objects.
In Figure 3 we show the comparison between the SRT hard band count rates and the SASS1 broad band count rates for the EMSS pointlike (asterisk) and potentially extended (open circles) sources. The observed distribution allows us to estimate how many sources would be lost in passing from one X-ray analysis system to the other. The sources lost due to the SASS1 count rate cut applied prior to the SRT analysis should fall in the top left quadrant delimited by the dotted vertical and horizontal lines representing the cuts of 0.055 cts/s and 0.25 cts/s, respectively. Since no pointlike sources are present in the top left quadrant, we deduce that the degree of completeness of a sample of pointlike sources with a threshold in the SRT hard band count rate of 0.25 cts/s, previously cut with a SASS1 broad band count rate of 0.055 cts/s, is extremely high. Two "extended" objects fall in the top left quadrant, indicating that the completeness of the corresponding sample of extended sources, although still quite high, is not 100%. The difference between the distribution of pointlike and extended sources in the count rate plane is produced by the strong underestimation of the count rate by SASS1 for extended sources (see § 4.2).
Study of the RASS1 Candidate Sample
In the light of the results described above we examine now our list of cluster candidates. As we mentioned in § 3, this is divided into two distinct subsamples characterized by two SASS1 broad band count rate limits (0.055 and 0.08 cts/s). We call the first SUB1 and the second SUB2. SUB1 is not only deeper but also more populated (83% of the total RASS1 Candidate Sample). In Figure 4 we plot for SUB1 the SRT hard band against the SASS1 broad band count rates. The horizontal and vertical dashed lines correspond to the count rate limits of 0.25 and 0.055 cts/s, respectively. The sources we miss when cutting the SUB1 sample at an SRT hard band count rate of 0.25 cts/s, because of the prior SASS1 cut, are those which would populate the top left quadrant. We have used the observed distribution of points in Figure 4 to estimate the number of missed sources. After selecting the SUB1 sources with cr SRT > 0.25 cts/s (133 sources), we have plotted the distribution of their SASS1 count rates. This is shown in logarithmic bins in Figure 5 . The histogram has a maximum for cr SASS1 ∼ 0.25 cts/s, and clearly, the decrease below this value is produced by the applied SRT cut. The number of missed sources in the top left quadrant of Figure 4 can then be estimated extrapolating the distribution below the cr SASS1 cutoff. A linear extrapolation, using the four bins nearest to the SASS1 limit, gives a number of missing sources equal to ∼ 1.5 +5.4 −1.5 In order to be conservative we will take the upper bound of this result, and assume that 6.9 sources are lost.
We now wish to estimate the sources we miss when cutting the SUB2 sample at SRT count rate of 0.25 cts/s, because of the prior SASS1 cut. The number of SUB2 sources above cr SRT = 0.25 cts/s is 31. The number of SUB2 sources which should be falling within the SASS1 count rate range 0.055 − 0.08 cts/s can be directly estimated from the observed distribution of SUB1 sources: 8 objects of SUB1 fall within the SASS1 range 0.055−0.08 cts/s, corresponding to ∼ 1.9 objects in SUB2. The number of SUB2 sources which should be falling below cr SASS1 = 0.055 cts/s (i.e., ∼ 1.3 objects) can then be derived using that estimated for SUB1. Adding all these contributions, we estimate that for the whole RASS1 Candidate Sample, the expected missing sources amount to ∼ 8.6 (i.e. ∼ 5% of the total sample). We therefore expect the sample to be ∼ 95% complete as far as the X-ray selection is concerned. Such a high degree of completeness has been achieved at the price of reducing drastically the number of sources: the RASS1 Candidate Sample contained 679 objects, while this sample contains now 164 candidates.
Definition of the RASS1 Bright Sample
As a result of the selections described in the previous subsections we obtain a list of 164 cluster candidates. In order to assign a reliable classification to these objects we have collected the following information: 1. images from the Southern Digitized Sky Survey (SDSS); 2. overlays of X-ray contours on optical object distributions from the COSMOS catalog; 3. information from the NED and SIM-BAD databases; 4. X-ray properties, such as source extent, probability of extent, X-ray flux and luminosity from RASS1 data and ROSAT pointed data when available; 5. optical CCD images and spectra from the ESOKP. Redshifts were obtained from the literature and from our new ESOKP observations.
The analysis of this information allowed us to divide the cluster candidates into 4 groups:
(A) confirmed clusters of galaxies, i.e. objects for which the inspection of optical images and spectra allow a certain identification of the X-ray source with a cluster;
(B) likely clusters, i.e. objects with X-ray and optical properties consistent with clusters, lacking firm spectroscopic confirmation;
(C) uncertain identifications, i.e. objects for which either we have insufficient information to discriminate between two possible classifications or we have no information at all; (D) objects which are certainly not galaxy clusters (27 obj.).
This classification into the four classes was done independently three times to reduce subjective definitions, and the agreement was excellent.
The rather high degree of contamination was expected as a result of the pre-selection methods we have applied in constructing the RASS1 Candidate Sample.
In paper I we pointed out that for very extended sources the source profile appears to be almost flat between 0 and 5 arcmin and the observed steepness ratio approaches its maximum value (i.e. the ratio between the areas of the annulus bounded by 3 and 5 arcmin and of the circle of 3 arcmin radius). This large observed steepness ratio leads to diverging values of the core radius, the total source counts and the associated uncertainties. To overcome this effect we impose that the physical core radius (in kpc) of a cluster candidate cannot be larger than a certain upper limit. If the physical core radius found by SRT is larger than the limit we compute a new angular core radius from the limiting core radius using the redshift of the source, derive the corresponding steepness ratio (see Figure 5 in Paper I), and finally, with the new steepness ratio and the curve shown in Figure 7 in Paper I, we compute the revised count rate of the source. The average core radius of rich clusters is about 250 kpc (Bahcall 1975) , while Jones and Forman (1984) found that out of 38 clusters 80% have a core radius smaller than 300 kpc and only 20% have a core radius in the range 300 and 800 kpc. Various tests with different values of the physical core radius show that the best compromise is achieved with a value of 400 kpc for the upper limit of the core radius. 21 sources belonging to classes A, B and C have a modified SRT count rate, but for 14 only the revised count rate differs by more than 10% from its original value. Moreover, 7 sources have a revised SRT count rate that falls below our threshold of 0.25 cts/s and therefore leave the sample.
We define as the RASS1 Bright Sample the sum of sources belonging to the A (119), B (6) and C (5) 
The Catalog of X-ray sources
The sources of the RASS1 Bright Sample are presented in Table 1 . Columns list the observed and derived parameters for each source as follows:
Column (1). -Sequence number of the source in the catalog.
Column (2). -Position: right ascension (hh mm ss.s, first line) and declination (dd mm ss.s, second line) as derived by the ML algorithm when analyzing the RASS1 merged data (J2000.0 coordinates).
Column (3). -Column density of Galactic Hydrogen from Dickey & Lockman (1990) in units of 10 20 atoms cm −2 . Column (4). -Vignetting corrected RASS1 exposure time computed from merged data in seconds.
Column (5). -Source count rate (first line) computed in a circle of 5 arcmin radius from the source position in the PHA channels from 52 to 201 (corresponding to the 0.5-2.0 keV energy band), and 1-σ errors (second line) from photon-counting statistics.
Column (6). -Total SRT source count rate (first line) in the 0.5-2.0 keV band and associated uncertainties (second line).
Column (7). -Model independent probability of the source to be pointlike. Sources with probability smaller than 1% are considered extended.
Column (8) . -Unabsorbed X-ray flux (first line) computed in the 0.5-2.0 keV band in units of 10 −11 erg cm −2 s −1 , and associated symmetrized 1-σ uncertainties (second line).
Column (9). -X-ray luminosity (first line) computed in the 0.5-2.0 keV band in units of 10 44 erg s −1 , and associated 1-σ uncertainties (second line). The luminosity has been computed in the rest frame of the source by assuming a power law spectrum with energy index 0.4, H 0 = 50 km s −1 Mpc −1 and q 0 = 0.5. Column (10). -Optical identification. Name of the source (first line), if already known, and proposed classification (second line) according to the description given in §4.3.
Column (11). -Source redshift (first line) and associated reference (second line).
Column (12). -Comments: contains miscellaneous information on the source.
In Table 2 we list the sources belonging to class D (i.e. non-cluster objects discarded from the RASS1 Bright Sample). The contents of Table 2 are:
Column (1). -Optical name of the source if already known.
Column (2). -Right ascension (J2000.0 coordinates) of the X-ray source from RASS1 merged data.
Column (3). -Declination (J2000.0 coordinates) of the X-ray source from RASS1 merged data.
Column (4). -Unabsorbed X-ray flux computed in the 0.5-2.0 keV band with SRT, in units of 10 −11 ergs cm
Column (5). -Uncertainties associated to the X-ray flux in the same units and energy band as in column (4).
Column (6). -Source type. STA = star, GAL = "normal" galaxy, GC = globular cluster, AGN = Active Galactic Nucleus (Quasar, Seyfert galaxy or BL Lac object).
Extent of Clusters in the Catalog
For each cluster of the RASS1 Bright Sample we have computed the probability to be a pointlike source following the SRT method described in Paper I. We find that about 60% of the clusters belonging to the RASS1 Bright Sample can be confidently defined as extended sources, while the remaining ∼ 40% are consistent with being pointlike. If the RASS1 Candidate Sample had been selected on the basis of source X-ray extent this would have introduced a severe incompleteness in any flux limited sample. Indeed even at a hard band count rate limit of 0.25 cts/s (roughly corresponding to a flux limit of ∼ 3.5 × 10 −12 erg cm −2 s −1 ), almost half of the sources would have been lost. This is due to the limited angular resolution of the RASS, in which a significant fraction of the more distant clusters do not appear as extended sources, coupled to the low photon statistics characterizing RASS sources.
THE NUMBER COUNTS OF THE RASS1 BRIGHT SAMPLE
Converting Count Rate to Flux
To convert a count rate into an X-ray flux in the 0.5-2.0 keV band, we assume that all clusters have a thermal spectrum (Raymond & Smith model in XSPEC version 9.01) with a temperature of 5 keV, a metal abundance of 0.5 Z ⊙ and a redshift of 0.1, which is the median redshift of the RASS1 Bright Sample. The assumption of a spectral model and its associated parameters (T , Z and z) is not critical, as the flux in the 0.5-2.0 keV band depends only weakly on these parameters. We find that by varying them within a range of values that are typical for clusters of galaxies (T gas ∼ 3 − 10 keV, Z ∼ 0.3 − 1.0 Z ⊙ ) and for a reasonable redshift range (z ≤ 0.3), the conversion factor for the ROSAT hard band changes by less than 5%.
With these assumptions we find that the relation between count rate and flux as a function of N H is well fitted, for N H in the range 7 × 10 19 − 4 × 10 21 cm −2 , by a quadratic relation (see also De Grandi 1996a):
where S is the 0.5-2.0 keV flux in units of 10 −11 erg cm −2 s −1 , N H is the Galactic absorption for the individual cluster as given in Dickey & Lockman (1990) in units of 10 22 cm −2 and cr is the SRT hard band count rate.
Sky Coverage and LogN-LogS Distribution
Our sample has been obtained by performing a cut in count rate. Since different regions of the sky show different amounts of Galactic absorption, the cut in count rate translates into a range of flux limits. We have computed the flux limit as a function of N H and from that we have derived the sky coverage as a function of the flux limit (see Figure 7 ). As regions of high Galactic absorption have been excluded from the RASS1 Bright Sample ( § 4.1), N H varies within a limited range, 10 20 < N H < 10 21 cm −2 . Consequently, the flux limit does not vary much over the available sky area, so that the sky coverage (see Figure 7) is almost constant for flux limits larger than ∼ 4 × 10 −12 erg cm −2 s −1 and decreases rapidly to zero at the flux limit of 3.05 × 10 −12 erg cm −2 s −1 . The flux limit should take into account exposure time and in the case of clusters the angular extent, e.g., Rosati et al. (1995) . However, in our case both of these dependencies may be neglected. As long as the exposure time is larger than 150 seconds ( § 4.1) and the extension is less than ∼ 4 arcmin ( § 6.1) a source with an SRT hard band count rate > 0.25 cts/s will be detected.
The cumulative LogN-LogS distribution for the 130 objects of the RASS1 Bright Sample has been computed by summing up the contribution of each cluster weighted by the area in which the cluster could have been detected:
where N (> S) is the surface number density of sources with flux larger than S, S i is the flux of the i th source and Ω i the associated solid angle. The LogN-LogS distribution is plotted in Figure 8 .
We have modeled the LogN-LogS distribution with a power law of the form:
and computed the power law slope, α, using the maximum likelihood method described in Crawford et al. (1970) and Murdoch et al. (1973) , which uses the unbinned data. The likelihood function, L, is given in the appendix of Murdoch et al. (1973) . The derived value for α (1.37±0.15) has been corrected by the factor (M − 1)/M (Crawford et al. 1970) , where M is the number of objects in the sample, and for the bias in the derived slope induced by the presence of measurement errors in the fluxes (Murdoch et al. 1973 , Table 5 ). This last correction is computed by Murdoch et al. (1973) for the case of noise-limited flux measurements, however, because of the way our sample has been selected, the minimum S/N is not well defined. On the basis of an analysis of the overall S/N distribution, we have defined an effective limiting S/N (∼ 8) corresponding to the peak of the distribution and we have applied the correction appropriate for this value. The corrected value of the slope is α = 1.34 ± 0.15, where the quoted errors are 1-σ. The cumulative effect of the two corrections shifts the value of the slope by an amount which is much smaller than the errors. We note that the observed slope is consistent within 1-σ with the Euclidean slope. The normalization, A, has been computed by imposing that the integral distribution, N (> S), described by the power law, be equal to the observed one at the flux of the weakest cluster in the sample. The derived value is A = 11.87±1.04 sr −1 (10 −11 erg cm
Since the maximum likelihood method does not establish whether a model is acceptable, we have applied a Kolmogorov-Smirnov (KS) test to our data. In the case of a power law with slope α equal to the one derived above the KS test yields a probability of 0.77 for the observed distribution to be extracted from the parent population, indicating that a power law describes adequately our data.
If the best-fit power law is drawn over Figure 8 it appears to be above the data for all the fluxes higher than about 0.6 − 0.7 × 10 −11 erg cm −2 s −1 . This effect is due to the different statistical weight given to the data points by the maximum likelihood algorithm used for the fitting procedure and to the fact that the distribution reported in Figure 8 is cumulative. Indeed by plotting the differential LogN-LogS this effect disappears indicating its purely statistical nature.
We have performed an internal consistency test by computing the LogN-LogS distribution and the best-fit power law for the 119 sources classified as certain clusters (A) only. The best fit parameters, α = 1.32 ± 0.15 and A = 11.14 ± 1.01, are in agreement with those found by considering the whole sample. Moreover, a KS test between the flux distribution of the sources classified as A and the sources in the B and C groups, did not show any evidence of a statistically significant difference between the two subsamples. Figure 8 also shows a comparison of our LogN-LogS distribution with other works. The points shown in Figure  8 are our data, while the long-dashed box and the cross represent the EMSS LogN-LogS ) as recalculated by Rosati et al. (1995) and the Piccinotti et al. (1982) point, respectively. The solid line corresponds to the number counts of the Brightest Cluster Sample (BCS; Ebeling et al. 1998, Table 2) , and the dotted box corresponds to the extrapolation of the bright end of the ROSAT Deep Cluster Sample (RDCS) as given by Rosati et al. (1997) .
Our best-fit to the LogN-LogS is systematically above that found for the BCS sample. The difference at a flux of 3.05 × 10 −12 erg cm 2 s −1 is 19% and is significant at about the 2-σ confidence level. Possible explanations of this difference could be the different efficiencies of the preselection methods used in compiling the two cluster samples or the different techniques used to estimate the X-ray fluxes.
Another sample of RASS1 clusters already available in the literature, and covering the sky at |b II | > 20 o , is the Xray Brightest Abell Cluster sample (XBACs; Ebeling et al. 1996) . This sample, however, is optically-selected because it was compiled by looking for cluster soft X-ray emission over the objects in the Abell and ACO catalogs. Moreover the ROSAT energy band used to derive the X-ray fluxes was the broad band (0.1-2.4 keV).
In general our data are in good agreement with previous estimates of the LogN-LogS distribution, and moreover as both the EMSS and RDCS cluster samples are purely X-ray selected, the good agreement in the number counts suggests that our selection function, which is partially driven by the optical properties of clusters (see § 3), does not lead to a significant incompleteness.
COMPLETENESS OF THE RASS1 BRIGHT SAMPLE
In this section we discuss the possible sources of incompleteness in the RASS1 Bright Sample, which requires a review of the initial selection process of the RASS1 Candidate Sample.
Biases Introduced by the SASS1 Detection Algorithm and the SASS1 Count Rate Cut
As stated in § 3 the RASS1 Candidate Sample was selected from the SASS1 source list, and therefore one possible origin of incompleteness is related to limitations of the SASS1 in detecting and characterizing sources. The detection algorithm implemented within SASS1 was optimized to detect pointlike sources. Both the two sliding window and the ML techniques (see § 2.1) use fixed apertures to detect sources, so that extended sources with low surface brightness may either not be detected or have their count rates significantly underestimated. Another cause of underestimation of source count rates comes from the assumption made within the ML technique that the source brightness profile is a sum of Gaussians, which is not a good description of the profile of most galaxy clusters.
The conservative solution we adopted to effectively limit the incompleteness of the RASS1 Bright Sample with respect to extended sources, was to choose a very high limiting count rate. In the following, using the distribution of sources in Figure 4 , we try to estimate the typical angular dimensions of the objects which may have been lost due to the effects described above. From Figure 4 we note that the more extended the source the further away it is from the bisector of the count rate plane (dot-dashed line), this is because the more extended sources suffer a severe underestimation of the count rate by SASS1. Therefore the sources which were missed in the RASS1 Bright Sample because they were not detected by SASS1, i.e. those which should fall in the top left quadrant in Figure 4 , must be highly extended sources. We have seen that this incompleteness should be limited to ∼ < 5% ( § 4.2.2). In order to estimate the typical extent of these clusters we have performed the following quantitative analysis on the data distribution reported in Figure 4 . To first approximation, we can relate the distance of any straight line parallel to the one-to-one line with a value of the extension, i.e. the core radius. The sources which should fall in the top left quadrant in Figure 4 , must have an extent larger than that corresponding to the straight line parallel to the bisector of the count rate plane crossing the point (cr SASS1 , cr SRT ) = (0.055, 0.25). Drawing this line in Figure 4 we see that 11 sources fall above the line and that all these sources have a core radius larger than about 4 arcmin. Therefore, the ∼ 8.6 sources that we estimated in § 4.2.2 to be probably missing from the sample because of the flux cuts, very probably have a core radius of 4 arcmin or larger. Taking a value for the physical core radius of 250 kpc and a Hubble constant of 50 km s −1 Mpc −1 , we calculate that a cluster with an angular core radius of 4 arcmin would have a redshift of 0.08. Thus the ∼ 5% incompleteness discussed in § 4.2.2 is most likely due to sources with redshifts smaller than ∼ 0.08. This should be treated as a first order estimate, first because we have used an approximate analysis and second because clusters show a scatter in their physical core radii.
From a preliminary analysis of the ACO clusters within the area of the RASS1 Bright Sample (Böhringer et al. in preparation) , we find that 6 ACO clusters with hard band count rate larger than 0.25 cts/s are missing from our sample. All but one of these clusters were detected from SASS1, but their SASS1 broad band count rates were < 0.055 cts/s, i.e. below the initial SASS1 count rate limit of the RASS1 Candidate Sample. All these clusters have a measured redshift ∼ < 0.06, in agreement with our expectations about the bias against the more extended and nearby clusters and our completeness estimate of §4.2.2. The properties of these 6 ACO clusters are reported in Table 3 .
Column (1). -Name of the ACO cluster.
Column (2). -Right ascension (J2000) in degrees.
Column (3). -Declination (J2000) in degrees.
Column (4). -SASS1 count rate measured in the (0.1-2.4 keV) band.
Column (5). -measured redshift. Column (6). -redshift reference.
Biases Introduced by the Identification Process
As described in § 3, the RASS1 Candidate Sample was selected by basically two means of identification: the clusters were either found directly by their optical counterparts (overdensities in the COSMOS galaxy catalog -either direct or pre-processed -, or optical clusters in the Abell and ACO catalogs), or by having been flagged as extended sources during the SASS1 source analysis.
Clearly, this procedure is potentially prone to a number of selection effects, that can be summarized as follows. 1) Optical counterparts. The COSMOS galaxy catalog was produced through the analysis of digitized ESO/SRC J survey optical plates (Yentis et al. 1992 ), using automatic algorithms. One recognized problem of the digitization and star-galaxy separation processes is in the correct treatment of diffraction spikes and halos around bright stars and of the extended envelopes of cD galaxies (Heydon-Dumbleton et al. 1989 ). For our purposes, one can reasonably think that this effect will in general increase the contamination of the RASS1 Candidate Sample, by including spurious "clusters", but should not reduce its completeness. A more serious concern is the misclassification of galaxies as stars, estimated to be around 5% in the COSMOS data. This could potentially reduce the contrast of a poor cluster and thus exclude it from the sample.
Concerning, on the other hand, the use of the Abell and ACO catalogs, one might worry that they are biased against poor systems (expected to be anyway rare in our sample, at z larger than ∼ 0.04), and are affected by subjective biases that are difficult to quantify a priori.
2) X-ray extension. Sources were classified as extended using the threshold values, extent radius larger than 25 arcsec and extent likelihood larger than 7 as supplied by the ML algorithm of SASS1. This set of cuts has been used successfully before (for details see e.g. Fig. 7 in Ebeling et al. 1993 ). This method is however not reliable in recovering all extended sources, as we find directly that several very extended sources are not recognized.
To better understand the completeness of the global identification process within the selection limits of the RASS1 Bright Sample, we have tried to exploit the complementarity of these two methods. (Note that most of the clusters in the sample have been found by both methods).
Let us assume that the two means of identification are uncorrelated, which is the case if clusters are missed by simple independent errors in the two techniques. This allows us to statistically infer the incompleteness of the sample in the following way. We define by O the set of clusters found by optical means and by X the set found by X-ray extent.
The statistical independence of the two search methods, allows us to write the combined probability of events O and X, as
Defining T as the parent sample (i.e., P (T ) ≡ 1), we can relate probabilities, P , to occurrences, N , in the following way:
. Substituting in equation (4) we obtain:
and using the actual numbers in the subsets, N (O) = 118 N (X) = 95, and N (O ∩ X) = 83, we find N (T ) = 135. Consequently, the missing fraction of objects for our 130 clusters sample is ∼ 3.7%. The assumption that the two methods of detection are uncorrelated is probably not strictly valid, as poor and more distant clusters will be harder to find for both techniques. Therefore the number calculated for the clusters missed is a lower limit to the missing fraction, but it is already reassuring that this fraction is as low as 3.7%.
< V /V max > Test
As a final check, we have tested the spatial distribution of the bright clusters with the V /V max method. Since our sample has different flux limits ( § 5.2) we have used the generalization of the V /V max method (Schmidt 1968) given in Avni & Bahcall (1980) . We have also assumed an Einstein-deSitter cosmological model with Λ = 0, q 0 = 0.5 and H 0 = 50 km s −1 Mpc −1 . The derived < V /V max > is 0.49 ± 0.16, consistent with uniformity.
SUMMARY AND CONCLUSIONS
The aim of the present work was to derive an X-ray flux limited sample of bright clusters of galaxies characterized by a high degree of completeness. It is based on a first cluster candidate sample derived in the ESOKP collaboration, belonging to the southern Galactic cap region (δ < 2.5 o and b II < −20 o ). This is called in our paper the RASS1 Candidate Sample and contains 679 sources.
We performed first a detailed reanalysis of fluxes for all sources in this RASS1 Candidate Sample by using the RASS merged data and the SRT method developed and discussed in Paper I.
We have applied to the RASS1 Candidate Sample various restrictive selections aimed at heavily reducing the sources of incompleteness. Our first selection set a lower limit of 150 s to the exposure time in order to avoid regions of sky where objects could have been missed because of the low sensitivity of the survey. In the second selection we excluded crowded regions of the sky, i.e. the Galactic plane and the Magellanic Clouds, to avoid confusion problems affecting optical and X-ray catalogs. The third selection set a lower limit to the SRT count rate of 0.25 cts/s in the hard band. In setting the SRT count rate limit, we investigated the behavior of a control sample of optically identified objects, namely the EMSS sample reobserved in the RASS. These selections yielded an X-ray completeness in the derived sample of ∼ 95%. Such a high degree of completeness was reached at the expenses of reducing drastically the number of candidates in our sample, from 679 to 164.
We used our new data from the ESOKP, together with data drawn from the literature to identify the selected candidates. After removing a number of false identifications we produced a sample which contains 130 clusters with X-ray fluxes larger than ∼ 3.5 × 10 −12 erg cm −2 s −1 and z ∼ < 0.3, covering a sky area of 8235 deg 2 . We have then investigated the various sources of incompleteness and biases, which could be affecting the RASS1 Bright sample. The key factor allowing us to constrain the incompleteness has been to apply a cut at a relatively high X-ray count rate. This action limits the bias against very extended X-ray sources (i.e. nearby clusters and groups). From our estimates we have also seen that this bias is kept under control for redshifts ∼ < 0.08 and eliminated for redshifts ∼ > 0.08.
A statistical estimate of the completeness level of the identification procedure, based on the relative success rates of the two main methods of cluster identification (opticalvs. X-ray-based), indicates an incompleteness ∼ 4% due to this source. Adding this to that estimated from the flux selection procedure, we obtain a global completeness for the sample which is better than 90%.
The LogN-LogS distribution is well described by a power law with slope α = 1.34 ± 0.15 and normalization A = 11.87±1.04 sr −1 (10 −11 erg cm −2 s −1 ) α . A comparison between our result and previous measurements shows good agreement.
The sample discussed here should represent a useful database for a number of statistical studies on the properties of clusters of galaxies in the local Universe. Finally, we should mention that the results presented here will be extended by the future developments of the ongoing ESOKP collaboration.
The authors would like to thank the ROSAT team at MPE. H. T. MacGillivray at ROE and D. J. Yentis at NRL for having provided the COSMOS digitized optical sky survey catalogs. We thank also K. Romer for having allowed us to publish eight redshifts from the SGP project and J. P. Henry and C. R. Mullis for having provided two new redshifts. SDG would like to thank P. Rosati, R. Della Ceca and G. Zamorani for useful comments and discussions. Special thanks also to C. Izzo at MPE for his help in the data analysis. This research has made use of data provided by the NED and the SIMBAD databases and by the digitized optical images from the POSS and UK Schmidt sky surveys obtained through the SKYVIEW facility. We also used data from the HEASARC online service and the ROSAT public archive. We thank all those who contribute in maintaining these databases. -SRT hard band count rates versus SASS1 broad band count rates for the EMSS control sample. Asterisks indicate pointlike objects (i.e. AGNs and stars), open circles indicate potentially extended sources (i.e. galaxies and galaxy clusters). The vertical and horizontal dotted lines represent the SASS1 count rate limit, 0.055 cts/s, and the SRT count rate limit, 0.25 cts/s, respectively. The dot-dashed line indicates the bisector of the count rate plane. Fig. 4 .-SRT hard band count rates versus SASS1 broad band count rates for the SUB1 cluster candidate sample (see § 4.2.2 for definition). Crosses correspond to sources with core radii < 1 arcmin, filled squares to sources with core radii from 1 to 2 arcmin, and open circles to sources with core radii > 2 arcmin. The vertical and horizontal dotted lines represent the SASS1 count rate limit, 0.055 cts/s, and the SRT count rate limit, 0.25 cts/s, respectively. as recalculated in Rosati et al. (1995) , the cross represents the Piccinotti et al. (1982) point, the dotted box is the extrapolation of the bright end of the RDCS sample by Rosati et al. (1997) , and the solid line represents the best-fit of the BCS sample (Ebeling et al. 1998) . a This is an estimated redshift. a Identification based on ROSAT HRI and COSMOS data. 
